Activation of the death receptor pathway of apoptosis by the aldehyde acrolein.
Reactive alpha,beta-unsaturated aldehydes such as acrolein are major components of common environmental pollutants. As a toxic by-product of lipid peroxidation, acrolein has been implicated as a possible mediator of oxidative damage to cells and tissues in a wide variety of disease states, including atherosclerosis and neurodegenerative and pulmonary diseases. Although acrolein can induce apoptotic cell death in various cell types, the biochemical mechanisms are not understood. This study investigates the implication of the death receptor pathway in acrolein-induced apoptosis. Exposure of Chinese hamster ovary cells to acrolein caused translocation of adaptor protein Fas associated with death domain to the cytoplasmic membrane and caspase-8 activation. Kp7-6, an antagonist of Fas receptor activation, blocked apoptotic events downstream of caspase-8, such as caspase-7 activation and nuclear chromatin condensation. Acrolein activated the cross-talk pathway between the death receptor and mitochondrial pathways. Bid was cleaved to truncated-Bid, which was translocated to mitochondria. Activation of the mitochondrial pathway by acrolein was confirmed by caspase-9 activation. Inhibition of activation of either the Fas receptor or caspase-8 partially decreased acrolein-induced caspase-9 activation. These findings indicate that acrolein activates the Fas receptor pathway, which occurs upstream of the mitochondrial pathway. Caspase-9 activation still occurred despite inhibition of the Fas receptor pathway, suggesting that acrolein could also trigger the mitochondrial pathway independent of the receptor pathway. These findings improve our understanding of mechanisms of toxicity of the reactive aldehyde acrolein, which has widespread implications in multiple disease states which seem to be mediated by oxidative stress and lipid peroxidation.